1
H NMR spectra were recorded at 500 MHz (Varian DD2) and
13
C NMR spectra were recorded at 125 MHz (Varian DD2). Chemical shifts (δ) are reported in ppm with TMS as internal standard, and spin-spin coupling constants (J) are given in Hz.
19
F NMR spectra were recorded at 470 MHz (Varian DD2) and were reported in ppm with TFA as internal standard. HRMS (ESI) were measured on an Agilent Technologies 6110 mass spectrometer.
4-(Chloromethyl)-7-hydroxy-2H-chromen-2-one (3a):
Resorcinol (11.0 g, 100 mmol) was carefully dissolved in H 2 SO 4 solution (95%, 90 mL) at 0 °C with stirring. Ethyl 4-chloroacetoacetate (18.1 g, 110 mmol) was slowly added to the solution and the reaction mixture was stirred at 0 °C to room temperature for 5 h. TLC indicated that resorcinol was completely consumed and a fluorescent product was formed. The solution was poured slowly into an ice/water mixture (700 mL)
and a large amount of solid was precipitated. The precipitate was filtered and
S3
washed with water several times. It was then dried in an oven to afford a white solid, which is product 3a (16.3 g, 77.4 57, 106.20, 110.36, 111.02, 113.02, 123.96, 126.45, 130.19, 150.65, 155.32, 161.20 . 74, 22.15, 25.79, 31.64, 61.83, 65.65, 102.54, 110.04, 110.77, 112.97, 125.80, 155.17, 155.45, 160.15, 161.14, 167.20, 169.40 .
rac-(2-(7-Hydroxycoumarin-4-yl)ethyl)glycine (1a):
Compound 6a (80 mg, 0.20 mmol) was dissolved in HCl (12 M, 30 mL) and heated under reflux at 110 °C in a sealed tube for 4 h. The reaction mixture was evaporated
S6
to dryness and partitioned between ethyl acetate and water (v:v, 1:1, 100 mL total). The aqueous layer was extracted by ethyl acetate (2 × 50 mL). The acid aqueous phase was then lyophilized to give colorless, crystalline product 1a as a salt of HCl (57 87, 28.65, 51.58, 102.54, 109.58, 110.83, 113.08, 126.25, 155.13, 155.26, 160.34, 161.41, 170.63; 19 F NMR (470 MHz, DMSO-d 6 ) δ −143.44. and a catalytic amount of potassium iodide were dissolved in triethyl phosphite (7.64 g, 46.0 mmol) to form a brown solution. It was then heated under reflux at 155 °C for 4 h under N 2 . The reaction mixture was concentrated using an oil pump to afford a brown solid. It was resuspended in ethyl acetate and the mixture was put in a freezer set at −20 °C. The solid product was precipated overnight, which was filtered, washed with ethyl acetate several times and dried to afford brown solid product 4c (2.48 g, 62.0% yield). The product was used in the following reaction without further purification. 28. 45, 51.71, 103.71, 110.66, 111.68, 117.16, 125.46, 153.34, 154.31, 156.55, 159.86, 170.71 .
6-Chloro-4-(chloromethyl)-7-hydroxy-2H-chromen-

Protein expression
To determine whether compound 1a is incorporated into the protein with high efficiency and fidelity, an amber stop codon was substituted for Ile38 in E.coli
Thioredoxin-1 (TRX). The plasmid pEVOL-CouRS-D8 was cotransformed with a plasmid carrying the Thioredoxin38TAG gene (pET-TRX38TAG) into E. coli BL21-DE3 cells. Bacteria were grown at 37 °C in LB medium for 2.5 h until OD 600 = 1.0, at which point 2 mM racemic 1a was added to the culture. The bacteria were grown at 37 °C for 30 min and then protein expression was induced by the addition of 0.02% arabinose and 1 mM isopropyl--D-thiogalactopyranoside (IPTG). After another 5 h, cells were harvested by centrifugation. The TAG38 mutant thioredoxin was purified by Ni-NTA affinity chromatography under native conditions. Analysis of the purified protein by SDS-PAGE showed that full-length thioredoxin was expressed only in the presence of 1a (Figure 2 ). 
